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ORBITER To Be Presented

FCE No Constraints

GFE To Be Presented

SOFTWARE To Be Presented 
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• Engineering Readiness Assessment
• Previous Flight Anomalies To Be Presented
• Critical Process Changes To Be Presented 
• Engineering Requirements Changes No Constraints
• Configuration Changes and To Be Presented 

Certification Status
• Mission Kits No Constraints
• Safety, Reliability & Quality Assessment No Constraints

• Special Topics To Be Presented
• MPS Feedline Flowliner Update 
• STS-112 ET/Orbiter Aft Attach Shell Assembly Damage

AGENDA Doug White
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Orbiter/10-31-02

PREVIOUS IN-FLIGHT 
ANOMALIES

STS-112 (OV-104) In-Flight Anomalies, Previous Shuttle 
Mission:

• 1 Orbiter in-flight anomaly identified:
• STS-112-V-01:   Primary RCS Thruster L4D Failed Off
• Details of above presented on following pages

• All anomalies and problems have been reviewed and 
none are a constraint to STS-113 flight 

• One significant problem to be presented as a Ground 
Ops Special Topic
• MER-4:   System A Pyros Failed to Fire

Doug White
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Observation:
• Thruster L4D failed off just prior ET-SEP during STS-112

Concern:
• Loss of RCS thruster redundancy

Discussion:
• L4D (S/N 229) failed off during first commanded firing

• Chamber pressure (Pc) reached max value of 16 psia which 
resulted in deselection by RM

• Fuel and ox flow was evident by drop in injector temps
• Low Pc and injector temp drops indicate partial flow on one 

valve (full flow on the other)
• Third flight of this thruster since last installation / flushing

• Sixth flight of fuel valve since overhaul (S/N 708)
• Twenty-third flight of oxidizer valve (S/N 724)

• Most likely causes are fuel valve pilot seal extrusion or 
oxidizer valve contamination

• Thruster was deselected for remainder of mission

STS-112-V-01:  PRIMARY THRUSTER 
L4D FAILED OFF

Doug White
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Actions Taken / In Work:
• Reviewed history of OV-105 thrusters

• No evidence of performance problems on any OV-105 thrusters 
currently installed 
• Previous GN2 response tests at WSTF were nominal with no 

indication of marginal performance during response tests
• No anomalies during last flight, STS-111

• Thruster processing at WSTF and KSC, as well as the 
current failure risk mitigation procedures continue to be 
reviewed
• Thruster process evaluation team is defining tests to determine 

root cause of fuel valve extrusion
• Specific operational-type tests

• Throat plug / GN2 purge
• Fuel / oxidizer exposure tests 
• Schedule for testing is being developed

STS-112-V-01:  PRIMARY THRUSTER 
L4D FAILED OFF

Doug White
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Actions Planned:
• Post-flight, L4D will be removed from LP03 and replaced

• Requires entire manifold R&R to prevent sympathetic failures

• Failed thruster will be sent to WSTF for TT&E 
• TT&E will isolate problem to either the fuel or ox valve

STS-112-V-01:  PRIMARY THRUSTER 
L4D FAILED OFF

Doug White
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Risk Assessment:
• Failed off/leak thruster is Crit 1R/3

• Redundant thrusters exist in all firing directions

• Risk mitigation actions are in place to reduce failures
• Preventative maintenance flushing performed on all primary 

thrusters at OMM, as well as those used for in-flow replacements
• Full manifold R&R required for any thruster removal to preclude 

collateral damage
• GN2 chamber purge implemented during turnaround operations 

to reduce propellant vapor build-up 
• Molecular sieve of oxidizer implemented at KSC

• Thruster process evaluation team is evaluating cause  of fuel 
valve extrusion

STS-112-V-01:  PRIMARY THRUSTER 
L4D FAILED OFF

Doug White
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Acceptable for STS-113 Flight:
• Redundant thrusters exist for each firing direction
• Flight rules exist for failed off thrusters 
• Not a safety-of-flight issue
• Risk-mitigation actions in place to reduce failures
• No history of marginal performance on any OV-105 thruster 

during last GN2 response test at WSTF 
• No anomalies on any OV-105 thrusters during last mission

STS-112-V-01:  PRIMARY THRUSTER 
L4D FAILED OFF

Doug White
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PREVIOUS IN-FLIGHT 
ANOMALIES

STS-111 In-Flight Anomalies, Previous OV-105 Mission:
• Three Orbiter in-flight anomalies identified:

• STS-111-V-01:   Left OME GN2 Regulator Leakage
• Failed regulator was R&R’d and retested prior to STS-111
• Regulator performance was nominal during STS-111 and STS-113 

OPF flow checkout 
• STS-111-V-02:   FES Failure on Primary B Controller

• Failure isolated to open coil in system B water isolation valve
• Valve package R&R’d and successfully retested

• STS-111-V-03:   Port Aft PLBD Ready-To-Latch Indication 
Failed On

• Switch module R&R’d and successfully retested
• Detail briefings of the above in backup

All anomalies and problems have been reviewed and 
none constrain STS-113 flight

Doug White
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STS-113 CRITICAL PROCESS          
CHANGE REVIEW SUMMARY

• All process changes were reviewed and none constrain STS-113

Item Reviewed

Period or
Effectivity
Covered

No. Found To Be 
Critical Process 

Changes

OMRSD Changes (RCNs)
STS-113 Specific & 

Non-Flight Specific Changes 
Approved 8/6/02 – 9/19/02

0

OMRSD Waivers & 
Exceptions

STS-113
Specific 0

Approved
8/6/02 – 9/19/02IDMRD Changes (MCNs) 1

IDMRD Waivers & 
Exceptions 0

EDCPs Closed
8/6/02 – 9/19/02

Boeing Specifications Released
8/6/02 – 9/19/02 0

1

Released
8/6/02 – 9/19/02Boeing Drawings 0

Material Review 0

No. of
Items

Reviewed

10

12

3

0

16

3

141

165

Approved
8/6/02 – 9/19/02

Approved
8/6/02 – 9/19/02

Doug White
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CRITICAL PROCESS CHANGES

IDMRD MCN’s:
Fire Extinguisher Container (MCN 3062)

• This MCN resulted from an IDMRD scrub and includes 
substitution of the USA NSLD ATP for vendor ATP 

• Changes made from the vendor ATP to the USA NSLD ATP 
(RSC-A-0011 Rev. A) are also documented

• Use of GN2 instead of filtered shop air for checking pressure 
switch activation & for drying parts

• Replace freon ultrasonic cleaning with freon rinse to satisfy 
visual clean requirement

• Allow decal and lockwire to be solvent wiped instead of freon 
rinsed

• After hydrostatic testing apply DOT markings using an ink stamp 
marking process

Doug White
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CRITICAL PROCESS CHANGES

Engineering Design Change Proposals (EDCP):
Advanced Air Data Transducer (AADT-005)

• Reduced torque on the bolts that install the AADT to the 
mount because of previous insert failures in the mounts

• Torque changed to 35-40 in-lb
• Torque was 40-50 in-lb

• M&P analysis determined that the 40-50 in-lb fastener 
installation torque exceeded the recommended value for a 
10-32 size insert

• This change will reduce the potential of damage to the 
mount assembly inserts during installation and removal of 
the AADT

Doug White
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CONFIGURATION CHANGES       
AND CERTIFICATION STATUS

• Nine modifications implemented during the STS-113 
processing flow

• None of these are first flight modifications for STS-113

• Total listing of STS-113 modifications and certification details is 
in backup

• All modification certification has been processed and approved

Doug White
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STS-113 FLIGHT READINESS REVIEW
Presenter:

Orbiter/10-31-02

SPECIAL TOPICS FOR THE STS-113
FLIGHT READINESS REVIEW

Topic Presenter

Presenter:

• MPS Feedline Flowliner Update Doug White

• STS-112 ET/Orbiter Aft Attach Shell    Doug White                        
Assembly Damage

                                   

Doug White
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113fpshell.ppt 10/31/02 8:00am

ORBITER/ET AFT ATTACH SHELL
ASSEMBLY DAMAGE Orbiter/10-31-02

VE-13.2.1

Doug White

STS-113 FLIGHT READINESS REVIEW

Observation:
• Post flight inspection of OV-104 ET aft attach shells (salad 

bowls) revealed indications of damage/material displacement
• This is in contrast to pre STS-112 conclusion that damage found  

during shell refurbishment had been caused by the orbiter 
transporter

Concern:
• Impairment of joint rotation due to damage or material 

displacement can lead to increase in bending stress in the aft 
attach bolts

Discussion:
• Purpose of ET shell assembly and ET spherical insert is to 

provide rotating surfaces for self alignment with the ET 
monoballs 
• With noted shell damage, analysis with available data could not 

assure proper joint rotation / function
• Recommendation made to install new shell assemblies on all 

vehicles 
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ORBITER/ET AFT ATTACH SHELL
ASSEMBLY DAMAGE Orbiter/10-31-02

VE-13.2.2

Doug White

STS-113 FLIGHT READINESS REVIEW

Orbiter/ET Aft Attach Flight Mated Configuration

BLAST CANISTER

FRANGIBLE NUT
BASEPLATE

ORBITER 
TITANIUM
FITTING

ET BALL
FITTING

2.5 INCH ORBITER/ET 
ATTACH BOLT

SPHERICAL
WASHER

ET shell LINER 
(SALAD BOWL)

RETAINER BOLT

ET SPHERICAL INSERT

VIEW A
(Shown later)
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ORBITER/ET AFT ATTACH SHELL
ASSEMBLY DAMAGE Orbiter/10-31-02

VE-13.2.3

Doug White

STS-113 FLIGHT READINESS REVIEW

ET Shell (Salad Bowl) Damage

Area of damage

OV-104, Post STS-112
Example Of Base Material Damage
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ORBITER/ET AFT ATTACH SHELL
ASSEMBLY DAMAGE Orbiter/10-31-02

VE-13.2.4

Doug White

STS-113 FLIGHT READINESS REVIEW

ET Shell (Salad Bowl) Flight Configuration
ET FTG

ET SPHERICAL
INSERT

ET MONOBALL

0.50” R

0.056” CLEARANCE
BETWEEN ET MONOBALL
AND KAHRLON LINER(NOM)

ET shell KAHRLON
LINER

0.060” R

DAMAGED AREA-
shell & LINER

ET shell
LINER

Nominal Position

ET FTG
ET SPHERICAL
INSERT

ET MONOBALL

0.50” R

ET shell KAHRLON
LINER

0.060” R

DAMAGED AREA-
shell & LINER

ET shell
LINER

0.012” CLEARANCE
BETWEEN ET-BALL AND
KAHRLON  LINER

Max Design Joint Rotation ( 2 Degrees)
VIEW A
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ORBITER/ET AFT ATTACH SHELL
ASSEMBLY DAMAGE Orbiter/10-31-02

VE-13.2.5

Doug White

STS-113 FLIGHT READINESS REVIEW

Pre STS-112 Actions Taken:
• Team evaluated possible causes of shell damage:

• Tool used to install ET shells in orbiter
• ET mate operation
• Shell / Kahrlon Liner installation process by Vendor
• Transfer of orbiter from the OPF to the VAB on the Orbiter 

Transport System (OTS)
• Sharp edged circumference of transporter monoballs was 

considered the most likely cause of ET shell assembly 
damage
• Transporter monoball upper circumference edge fabricated 

with no radius callout (estimated 0.015 R) – should have 
met Orbiter Vehicle / External Tank ICD-2-12001 
requirement of 0.50 R constant edge relief to prevent liner 
gouging

• Transporter monoballs reworked to provide adequate radius
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ORBITER/ET AFT ATTACH SHELL
ASSEMBLY DAMAGE Orbiter/10-31-02

VE-13.2.6

Doug White

STS-113 FLIGHT READINESS REVIEW

Pre STS-112 Actions Taken: (cont)
• New shell assemblies installed in fleet 

• OV-104 - LH and RH had new shell assemblies installed, 
inspected prior to ORB-ET mate

• OV-105 – LH and RH has new shell assemblies installed, 
inspected prior to ORB-ET mate, not flown.

• OV-102 - LH and RH has new shell assemblies installed, will be 
inspected prior to ORB-ET mate, not flown.

• OV-103 – OMM
Post STS-112 Actions Taken: 

• Performed OV-104 post-flight inspection
• Apparent Damage noted on both LH and RH shell assemblies

• Consistent with previous damage location
• Availability of spares statused 

• 12 new shell assemblies being fabricated at Palmdale with first 
pair scheduled for delivery at the end of October
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ORBITER/ET AFT ATTACH SHELL
ASSEMBLY DAMAGE Orbiter/10-31-02

VE-13.2.7

Doug White

STS-113 FLIGHT READINESS REVIEW

Actions In Work / Planned: 
• PRT evaluating other possible causes

• Utilizing fault tree and detailed action tracking list
• 7 Top level branches identified

• Vendor process
• OPF processing
• OPF-VAB transfer process
• VAB processing
• VAB-Pad transfer process
• Pad processing
• Launch / Ascent / Separation Environments
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ORBITER/ET AFT ATTACH SHELL
ASSEMBLY DAMAGE Orbiter/10-31-02

VE-13.2.8

Doug White

STS-113 FLIGHT READINESS REVIEW

Actions In Work / Planned: (cont)
• Assembling a flight history table on damaged ET Shells

• Plan is to correlate which bowls were installed on a given vehicle 
for a given flight and evaluate against the flight loads  

• Compiling sub-car data to quantify and trend damage of 
damaged shells 

• Utilize to help determine test cases and worst case damage envelope
• Damage has been noted on all vehicles, with the earliest damage in 

1995 based on flight history
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ORBITER/ET AFT ATTACH SHELL
ASSEMBLY DAMAGE Orbiter/10-31-02

VE-13.2.9

Doug White

STS-113 FLIGHT READINESS REVIEW

Serial Number

Number of 
Flights 
Since 

Refurbish

Flight Date 
Range Since 

Refurbish
Vehicles 

Flown

Location @ 
Length of 

Defect 
(Degrees)

Max 
Depth

EK1893 2 06/98 - 12/01 103, 105 AFT, 360 0.011

FL0067429 3 09/00 - 07/01 104 AFT, 60 0.006

FL0195611 5 10/98 - 03/01 103 AFT, 110 0.008

FL195610 1 06/02 105 AFT, 120 0.010

EK1892 1 08/97 103 AFT, 290 0.019

FL0067428 3 11/97 - 07/99 102 AFT, 110 0.008

EW1826 1 08/97 103 AFT, 130 0.009

EW1825 5 09/97 - 07/01 104 AFT, 110 0.004

MN91555 1 10/02 104 (STS-112) AFT, 120 0.004*

MN91555 1 10/02 104 (STS-112) AFT, 120 0.003*
* With Kahrlon liner material
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ORBITER/ET AFT ATTACH SHELL
ASSEMBLY DAMAGE Orbiter/10-31-02

VE-13.2.10

Doug White

STS-113 FLIGHT READINESS REVIEW

Actions In Work / Planned: (cont)
• Test program implementation underway

• Plan is to simulate original (1980) qualification test to determine 
overall joint coefficient of friction and effect of damaged shell  

• Goal is to characterize attach bolt bending stresses with damaged shell 
assembly

• Will use one new shell assembly to establish coefficient of friction 
baseline

• Will use worst damaged OV-104, STS-112, shell to determine effect of 
damage on coefficient of friction 

• OV-104 damage is consistent in damage magnitude, but can only be verified 
after Kahrlon removal

• 3-sigma of known damage conditions of shells to provide margin has
been established for testing (0.023 inches deep X 360 degrees)

• Additional test for simulated ORB-ET mate 
• Aft soft mate - torque bolt with vehicle @ 15-45 minute pitch-up angle
• Rotate joint to simulate fwd mate process
• Investigate potential of insert misalignment / asymmetrical loading

• Test plan developed with test readiness review accomplished on 
10-27-02 - testing to begin 10-31-02 – Est completion date11-2-02
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ORBITER/ET AFT ATTACH SHELL
ASSEMBLY DAMAGE Orbiter/10-31-02

VE-13.2.11

Doug White

STS-113 FLIGHT READINESS REVIEW

Actions In Work / Planned: (cont)
• Stress Analysis – Concurrent with Testing

• Determine force required to achieve damage to Kahrlon liner/ 
shell base material

• Quantify the test results and compare to existing margins
• Determine damage allowable without exceeding bolt bending margins

• Review original analysis / assumptions to determine if some 
conservatism exists 

• M&P evaluations
• Evaluate / perform failure analysis of shells

• Determine type and quantify material damage condition, inspect for 
residual material, etc 

• Remove Kahrlon from one of the OV-104 shells for base material 
inspection – evaluation of second OV-104 shell based on test plan 
progress and results

• STS-112 pyro separation hardware sent to NASA JSC for trend 
evaluation 

• Any out of family findings will be dispositioned by PRT for further M&P 
/ failure analysis by appropriate site 
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ORBITER/ET AFT ATTACH SHELL
ASSEMBLY DAMAGE Orbiter/10-31-02

VE-13.2.12

Doug White

STS-113 FLIGHT READINESS REVIEW

Actions In Work / Planned: (cont)
• Integration Activities In Work 

• Flight dynamics and separation 
• STS-112 ET separation films have been reviewed

• No re-contact/ anomalies noted 
• Evaluate joint rotation / loads during ascent phase

• STS-112 FMA shows max rotations of 0.8 degrees  
• Provide peak load and pitch angle data for heads-up separation

• STS-112 reconstruction indicates no unexpected forces of the 
magnitude required to cause damage

• Determine flight specific loads correlating to the magnitude of 
damage to each damaged shell 

• Review Orbiter-ET mate operations and physical characteristics  
• PRT to review soft mate / hard mate process
• Readdress ET monoball physical characteristics

• Researching build records for ET monoballs 
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ORBITER/ET AFT ATTACH SHELL
ASSEMBLY DAMAGE Orbiter/10-31-02

VE-13.2.13

Doug White

STS-113 FLIGHT READINESS REVIEW

Interim Summary and Recommendation:
• Additional testing and analysis is required to determine 

acceptability of flying with the potential of known, similar shell 
damage  
• Must envelope with margin all known defects to shell assemblies 

or
• Must not appreciably increase overall bolt bending stresses

• Until completion of required testing and analysis, this 
condition is a constraint to STS-113 launch
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VE-14

Organization/Date:

STS-113 FLIGHT READINESS REVIEW
Presenter:

Orbiter/10-31-02

GOVERNMENT FURNISHED EQUIPMENT          
(GFE)
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Organization/Date:

STS-113 FLIGHT READINESS REVIEW
Presenter:

Orbiter/10-31-02

SOFTWARE
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STS-113 FLIGHT READINESS REVIEW

Orbiter/10-31-02
Organization/Date:

FRRS-2

Presenter:

STS-113 Flight Readiness Open Work Exceptions: 

• Resolution of ET/Orbiter aft attach shell assembly damage 
issue

• Removal and inspection of OV-104 SRB HDP fire 1 wiring

FLIGHT READINESS
EXCEPTION

Doug White
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